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Method 

The present invention relates to improvements in 
and relating to magnetic resonance imaging, in 
particular to a method of MR imaging enabling early 
detection of myocardial ischemia. 

Ischemia -related diseases, in particular coronary 
artery diseases, account for the majority of deaths in 
Western countries . Myocardial ischemia is a serious 
condition and any delay in reperf usion . of the ischemic 
tissues can be life- threatening. Rapid identification 
and location of myocardial ischemia is therefore highly 
desirable so that the necessary action, be it 
therapeutic or surgical, can be taken promptly before 
irreversible myocardial damage occurs . 

Ischemic injury can be considered to result from 
two main events: (i) hypoxia leading to an inadequate 
supply of oxygen to the tissues; and (ii) decreased 
transport of metabolic substrates to the tissues and of 
metabolic end products from the tissues. Immediate 
consequences include energy deficit and an accumulation 
of protons and lactate in the region of ischemia . Other 
consequences include a marked, potentially harmful 
stimulation of the sympathetic nervous system which 
ultimately leads to a rapid loss of adenosine 
triphosphate (ATP) , an early onset of acidosis and 
decreased organ function. 

Cardiac tissue, like other metabolically active 
tissues, are particularly vulnerable to ischemic injury. 
The initial phase of acute myocardial infarction is in 
general associated with a loss of normal contractile 
function which manifests itself as. regional dyskinesia. 
This may be due to an abrupt fall in coronary perfusion 
pressure which induces an acute hibernating state and to 
the rapid cessation of normal transmembrane ion 
transport. Reperf usion of the ischemic myocardium prior 
to the onset of irreversible injury may lead to a rapid 
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return or a delayed return (stunning) to normal cardiac 
metabolism and function. 

Magnetic resonance imaging (MRI) has been 
established as a useful cardiac imaging technique. 
Although MR techniques using spin-echo imaging are 
capable of showing the anatomy of the heart, the use of 
contrast agents is necessary for the detection of 
myocardial ischemia and infarction . 

To date, only paramagnetic substances have been 
investigated for use as myocardial contrast agents. The 
metal ions manganese and gadolinium have received the 
most attention. Although the use of free manganese and 
gadolinium ions in the body is limited by their 
toxicities, complexing of these cations with a variety 
of ligands serves to greatly reduce their toxicity 
whilst retaining their paramagnetic properties. 

Gd-DTPA has been the subject of extensive clinical 
testing for use in myocardial MR imaging. Although this 
metal complex has been shown to improve identification 
of acute myocardial infarcts on MR images in animals and 
humans, its rapid elimination by renal excretion and its 
distribution within the extracellular fluid space 
severely limits its clinical use in imaging of the 
myocardium . 

While Gd-DTPA distributes into the extracellular 
fluid space, manganese enters the intracellular space 
since it has access to the cardiomyocytes via slow Ca 2+ 
channels. It is also strongly paramagnetic, resulting 
in a dramatic Tj shortening and thus increased signal 
intensity in normal myocardial tissue. Manganese ions 
are actively taken up by viable myocardial cells and 
have a short half- life in the blood pool resulting in a 
high myocardial to blood ratio. However, during 
coronary occlusion, blood flow to myocardial tissue is 
greatly restricted, thereby reducing exposure of 
myocardial cells to manganese ions which in turn greatly 
retards manganese uptake. Uptake of manganese is, 
however, resumed in viable cells following reper fusion. 
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Such properties can be used in MRI diagnosis of severe 
coronary heart disease. Indeed, several proposals have 
been made for the use of MnDPDP in T x -weighted spin echo 
imaging for detection of acute myocardial infarction 
(see Pomeroy et al . , Invest. Radiology 24:531-536, 1989; 
Brown et al . , AJTR Afil: 865-872, 1988; Saeed et al . , 
Radiology 172 : 59-64 . 1989; and Saeed et al . , Radiology 
125:633-637, 1990) . ■ ■ 

However, administered by rapid bolus injection at 
high dosages, manganese can interfere with normal 
functioning of the heart. As a result, bolus injection 
of low doses and infusion of low or high dosages of 
manganese may be contemplated for clinical use. Use of 
conventional T x -weighted imaging procedures, such as 
described in the prior art (supra) requires intravenous 
injection of relatively large doses (0.2 to 0.4 mmol/kg) 
of manganese to produce adequate contrast between normal 
and ischemic or infarcted myocardium. Such doses 
greatly exceed that proposed for clinical use. The use 
of manganese for In vivo MR imaging of the myocardium 
therefore remains problematical and there still exists a 
need for a clinically acceptable method of MR imaging 
capable of providing information about the cellular 
function of the myocardium, in particular a method 
capable of providing sufficient contrast between normal 
and ischemic tissue without further damaging the heart. 

In the studies described above, myocardial ischemia 
was induced by coronary ligation, i.e. by purely 
physical means which prevented injected or infused 
manganese from reaching non-perfused tissues. However, 
it has now surprisingly been found that the cellular 
process of manganese uptake is greatly retarded during 
early ischemia thereby providing for the possibility of 
using manganese contrast agents in a method of 
functional myocardial imaging. 

It has now surprisingly been found that 
substantially lower, clinically acceptable, dosages of 
manganese may be used in fast or ultra- fast imaging 
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techniques to provide an effective method of myocardial 
imaging, in particular to provide important information 
about myocardial viability during or following a severe 
heart attack or coronary occlusion. 

Viewed from one aspect the invention provides a 
method of detecting myocardial- ischemia in a human or 
non-human, especially mammalian body, said method 
comprising administering to said body a physiologically 
acceptable manganese complex or salt thereof, subjecting 
said body to a magnetic resonance imaging procedure 
capable of generating images with time intervals of less 
than 0.5 seconds and thereafter providing a series of 
images of the myocardium of said body whereby to 
identify regions of abnormal blood flow. 

Thus, the method of the invention provides for the 
detection of any blood flow abnormalities in the 
myocardium, e.g. regions of blood flow deficit or 
increase. The method of the invention is particularly 
suited to the early detection of myocardial ischemia and 
permits detection of ischemia substantially less than 1 
hour after occurrence, e.g. after about 3 0 minutes, as 
opposed to the 2-3 hours required by more conventional 
techniques. In this way, reperfusion of ischemic tissue 
is possible at an early stage thus substantially 
reducing the chance of permanent tissue damage.. 

Whilst the determination of the existence and 
location of ischemic areas is important, it is also 
highly desirable to be able to detect the degree or 
severity of the ischemia and to discriminate such from 
permanently infarcted tissue. This too can be achieved 
using the method of the invention. 

Viewed from a further aspect, the invention thus 
provides a method of evaluating the severity of 
myocardial ischemia in a human or non-human, especially 
mammalian body, said method comprising administering to 
said body a physiologically acceptable manganese complex 
or salt thereof, subjecting said body to a magnetic 
resonance imaging procedure capable of generating images 
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with time intervals of less than 0.5 seconds and 
thereafter providing a series of images of the 
myocardium of said body whereby to indicate the degree 
of blood perfusion deficit in the myocardium. 

Preferably, the method of the invention provides a 
method of functional imaging which may discriminate 
between normal tissue, reversibly and irreversibly 
injured tissue during ischemia and during reperfusion. 
In particular, the invention provides a means for 
discriminating between reversibly and irreversibly 
injured tissue. 

Thus, viewed from a yet further aspect the 
^etnvention provides a method of discriminating between 
reversibly and irreversibly injured myocardial tissue, 
said method comprising administering to said body a 
physiologically acceptable manganese complex or salt 
thereof , sub j ect ing said body to a magnetic resonance 
imaging procedure capable of generating images with time 
intervals of less than 0.5 seconds and thereafter 
providing a series of images of the myocardium of said 
body whereby to discriminate reversibly from 
irreversibly injured tissue. 

The method of the invention is preferably carried 
out using highly ^-sensitive, fast or ultra-fast imaging 
techniques which enable the generation of a series of 
images with a short a time interval as possible between 
successive images. This ensures the acquisition of 
multiple images during the first passage of the contrast 
medium through the heart, thus enabling a clinically 
acceptable dose of contrast medium to be used. 
Techniques capable of generating images with time 
intervals of less than 100 milliseconds, e.g. from 20 to 
80 milliseconds are particularly preferred. Thus, 
techniques suitable for use in the method of the 
invention include gradient echo and echo planar imaging 
(EPI) , especially inversion recovery echo planar 
imaging, e.g. gradient ref ocused inversion recovery echo 
planar imaging. Particularly suitable echo planar 
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imaging techniques are those in which TI (inversion 
time) is 100 to 800 msecs, e.g. 700 msecs, TR 
(repetition time) is 2000 msecs and TE (echo time) is 
less than 20 msecs / e.g. 10-20 msecs. The sensitivity 
of the imaging technique may be increased by gating to 
every heart beat. 

Flip, angles for use in the preparation interval 
preceding image acquisition may be either 180° or 90 °> 
although 90° is preferred. If a 90° flip angle is used 
then TI may conveniently be in the range of 200 to 500 
msecs,. If a 180° flip angle is used then TI should 
preferably be at least 600 msecs for all intensity 
values £0. TR is determined by the subject's, heart 
rate. Using a 90° flip angle it is preferable to 
acquire single heart beat temporal resolution. 

In the method of the invention, an indication of 
the degree of blood flow for a given ROI (region of 
interest) may readily be determined by comparing the MR 
signal intensity for that ROI with a reference value, 
e.g. the signal intensity for similar tissue known to 
have normal blood flow. Such reference values may be 
predetermined or may be selected as the MR signal 
intensity values for ROIs in normal tissue in the same 
image. Thus, for example, signal intensity measurements 
may be obtained at several positions on each image, e.g. 
interventricular septum (representing normal 
myocardium) , anterolateral wall (representing reversibly 
or irreversibly injured myocardium) , skeletal muscle and 
oil phantom (included as a standard reference for 
intensity) , with all signal intensity values being 
standardised to the signal intensity of the oil phantom. 
The position of the region of interest then remains 
fixed for analysis of subsequent images. The contrast 
between normal and injured regions may then be expressed 
as the ratio of the signal intensity of infarcted tissue 
to that of normal myocardial tissue . As is discussed 
more fully in the accompanying examples, the location 
and extent of regions having reduced blood flow detected 
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according to the method of the invention corresponds 
closely to the location and extent as determined using 
conventional non-MRI techniques such as 
histopathplogical tissue staining. 

As outlined above, the method of the invention 
provides for the use of much lower, clinically 
acceptable, doses of manganese. Conveniently, the 
manganese contrast agent may be administered at a dosage 
of from 0.005 to 0.2 mmol/kg- body weight. Preferably, 
the dosage of manganese will be from 0.01 to 0.05 
mmol/kg body weight , e.g. 0.03 to 0.05 mmol/kg body 
weight. Preferably, the contrast agent will be 
administered by bolus injection or infusion into the 
systemic vasculature (e.g. 3 to 5 ml /kg /minute ) . 

Besides its application in^ terras of identifying and 
providing an indication of the severity of acute 
myocardial ischemias or infarcts, the method of the 
present invention has a broad range of possible 
applications, including the following: 

- delineation of the area at risk of infarction after 
acute coronary artery occlusion; 

- differentiation between occlusive and reperfused 
myocardial infarctions ; 

- discrimination between successfully reperfused stunned 
(viable, brief coronary occlusion followed by 
reperfusion) and reperfused infarcted (necrotic, long 
coronary occlusion followed by reperfusion) tissues; 

- differentiation between reversible and irreversible 
myocardial injury. 

Since the method of -the invention is capable of 
distinguishing between areas of normal blood flow, 
reduced blood flow and no blood flow, the method may 
also be used to monitor reperfusion of ischemic tissue, 
e.g. following acute coronary interventions in the form 
of fibrinolysis and PTCA. 

Viewed from a still further aspect, the invention 
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thus provides a method of monitoring reperfusion of the 
myocardium of a human or non-human, especially mammalian 
body, said method comprising administering to said body 
a physiologically acceptable manganese complex or salt 
thereof, subjecting said body to a magnetic resonance 
imaging procedure capable of generating images with time 
intervals of less than 0.5 seconds and thereafter 
providing a series of images of the myocardium of said 
body whereby to identify regions of reperfusion. 

Provided the ischemic area is effectively 
reperfused prior to onset of irreversible tissue damage, 
manganese uptake and contrast enhancement returns to 
normal. The rise in. contrast is maintained over time 
since manganese ions are, in general, retained 
intracellularly in the myocardial cells. If on the 
other hand the area at risk has become necrotic, 
cellular leakage leads to extravasation and tissue wash- 
out of the contrast agent. If tliis is the case then the 
manganese -induced rise in contrast will not be 
maintained over time as the manganese ions are more 
rapidly washed out of the necrotic zone. 

Conveniently, magnetic resonance imaging is carried 
out within a period of up to 6 hours following injection 
of the manganese contrast agent. However, delayed 
imaging techniques in which imaging is carried out 
within a period of from 3 to 6 hours, e.g. about 4 hours 
post injection have been found to be particularly 
effective in distinguishing infarcted from normal 
myocardium and in characterising the severity of damage 
in the injured zone. Whilst not wishing to be bound by 
theoretical considerations, manganese is believed to be 
rapidly taken up by viable myocardial cells and 
retained, whereas in reperfused infarcted tissue 
manganese is believed to rapidly distribute throughout 
the tissue but is not retained by non-viable cells and 
is efficiently cleared from the tissue albeit more 
slowly than it is cleared from the blood. As a result, 
early after reperfusion the infarction zone has a high 
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signal intensity due to an enlarged myocardial 
distribution volume providing relatively poor contrast 
between normal and reperfused infarcted myocardium. A 
sufficient delay in imaging following administration of 
the contrast agent thus ensures that the agent has 
cleared from non-viable cells but not from viable tissue 
from which clearance of the contrast agent is much less 
rapid. 

Viewed from a yet further aspect the invention thus 
provides a method of distinguishing viable myocardial 
tissue from necrotic (infarcted) tissue, said method 
comprising administering to said body a physiologically 
acceptable manganese complex or salt thereof, within a 
period of from 3 to 6 hours, e.g. up to about 4 hours, 
following administration of said^ complex or salt thereof 
subjecting said body to a magnetic resonance imaging 
procedure capable of generating images with time 
intervals of less than 0 . 5 seconds and thereafter 
providing a series of images of the myocardium of said 
body whereby to distinguish viable myocardial tissue 
from infarcted tissue. 

The return of normal cardiac function following 
reversible ischemia leads to normalisation of both 
cellular uptake and retention of manganese. Delayed 
imaging can thus be used to identify viable myocardium 
after reopening of coronary arteries by PTCA or by 
fibrinolytic therapy. 

Viewed from a still further aspect, the invention 
provides the use of a physiologically acceptable 
manganese complex or salt thereof for the manufacture of 
a contrast medium for use in any one of the methods of 
the invention. 

In addition to providing important information 
about myocardial viability, the manganese ions (Mn 2+ ) 
used in the method of the invention are also believed to 
act as oxygen radical scavengers, thereby serving to 
protect the ischemic heart from further tissue damage 
which can occur during reperfusion. The manganese ions 
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also serve to prolong the biological activity of nitric 
oxide generated in intact endothelial cells, thereby 
facilitating vasodilation. 

The manganese contrast agent to be used in the 
method of the invention should preferably be an 
intravascular contrast agent , i.e. one which is 
substantially retained within the systemic vasculature 
at least until it has passed to the heart . 

The manganese contrast agent may be in the form of 
an ionic or more preferably a non- ionic complex. 
Especially preferred are manganese chelate complexes, 
which may be bound to one or more carrier molecules . 

Preferred manganese chelate complexes are those 
which dissociate in vivo to provide a release of 
manganese ions on passage through the heart . 
Conveniently, the manganese chelate may have a Ka value 
in thq. range of from 10 7 to 10 25 , more preferably 10 9 to 
10 24 , yet more preferably 10 10 to 10 23 , e.g. 10 12 to 10 22 . 

A wide range of suitable chelants and macromolecule 
bound chelants for manganese ions have been proposed. 
Particularly suitable chelants for the formation of the 
manganese contrast agents for use in the method of the 
invention include the macrocyclic and more preferably 
the linear or branched polyaminopolycarboxylic acid or 
carboxylic acid derivatives described in EP-A-299795, 
EP-A-71564, DE-A-3401052, EP-A-203962 and EP-A-436579 
and the phosphorus oxyacid analogs . Preferred chelants 
include N,N,N' ,N M , N" -diethylenetriaminepentaacetic acid 
(DTPA) and 6-carboxymethyl-3 , 9-bis (methylcarbambyl- 
methyl) -3 , 6, 9-triazaundecanedioic acid (DTPA-BMA) . 

Dipyridoxyl based chelating agents have also been 
described for use as MRI contrast agents, for example 
PLED (N,N' -dipyridoxyl ethylenediamine-N / N' -diacetic 
acid) derivatives and analogues. Manganese (II) 
chelates with such chelating agents are particularly 
preferred for use in the method of the invention. 

A possible cause of tissue damage during 
reperfusion is believed to be the availability of ferric 
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ions which catalyse the formation of free radicals. 
Chelating agents, such as the dipyridoxyl based 
chelating agents described above, which are capable of 
effectively binding ferric ions are thus preferred for 
use in the method of the invention. Those chelating 
agents which preferentially bind to ferric ions serve to 
enhance the oxygen radical defence in part already 
provided by the manganese ions . in- this regard, 
preferred manganese chelates are those having a Ka value 
smaller by a factor of at least 10 3 than the Ka value of 
the corresponding ferric (Fe 3+ ) chelate. 

Preferred for use in the method of the invention 
are manganese chelates of a compound of formula I and 
salts thereof 

Rl Rl 




(I) 

(wherein in formula I 

each R 1 independently represents hydrogen or 
-CH 2 COR 5 ; 

R 5 represents hydroxy, optionally hydroxyl a ted 
alkoxy, amino or alkylamido; 

each R 2 independently represents a group XYR 6 ; 

X represents a bond, or a C x _ 3 alkylene or 
oxoalkylene group optionally substituted by a group R 7 ; 

Y represents a bond, an oxygen atom or a group NR 6 ; 

R 6 is a hydrogen atom, a group COOR 8 , an alkyl, 
alkenyl, cycloalkyl, aryl or aralkyl group optionally 
substituted by one or more groups selected from COOR 8 , 
CONR 8 2 , NR 8 2 , OR 8 , =NR 8 , =0, OP(0)(OR 8 )R 7 and OSOjM; 

R 7 is hydroxy, an optionally hydroxylated, 
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optionally alkoxylated alkyl or aminoalkyl group; 

R 8 is a hydrogen atom or an optionally hydroxylated, 
optionally alkoxylated alkyl group; 

M is a hydrogen atom or one equivalent of a 
physiologically tolerable cation, e.g. an alkali or 
alkaline earth cation, an ammonium ion or an organic 
amine cation, such as a meglumine ion; 

R 3 represents a C x . 8 alkylene group, preferably a 
Cx-6/ e -g- a c 2~4 alkylene group, a 1 , 2-cycloalkylene 
group, or a 1,2-arylene group; and 

each R 4 independently represents hydrogen or C^ 3 
. alkyl) . 

As used herein the terms "alkyl" and "alkylene" 
include both straight -chained and branched, saturated 
and unsaturated hydrocarbons. The term "1,2- 
cycloalkylene" includes both cis and trans cycloalkylene 
groups^ and alkyl substituted cycloalkylene groups having 
from 5-8 carbon atoms. The term "1, 2-arylene" includes 
phenyl and napthyl groups and alkyl substituted 
derivatives thereof having from 6 to 10 carbon atoms. 

Unless otherwise specified, any alkyl, alkylene or 
alkenyl moiety may conveniently contain from 1 to 20, 
preferably 1-8, more preferably 1-6 and especially 
preferably 1-4 carbon atoms. 

Cycloalkyl, aryl and aralkyl moieties may 
conveniently contain 3-18, preferably 5-12 and 
especially preferably 5-8 ring atoms. Aryl moieties 
comprising phenyl or naphthyl groups are preferred. As 
aralkyl groups, phenyl C x . 3 alkyl, especially benzyl, are 
preferred. 

Where groups may optionally be substituted by 
hydroxy groups, this may be monosubstitution or 
polysubstitution and, in the case of polysubstitution, 
alkoxy and/or hydroxy substituents may be carried by 
alkoxy substituents. 

In formula I, R 5 is preferably hydroxy, C^ e alkoxy, 
ethylene glycol, glycerol, amino or alkylamido. 
Preferably each group R 1 represents -CH 2 COR 5 in which R 5 
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is hydroxy. 

In the compounds of formula I # X is preferably a 
bond or a group selected from CH 2 , (CH 2 ) 2/ CO, CH 2 CO, 
CH 2 CH 2 CO or CH 2 COCH 2 . 

The compounds of formula I may have the same or 
different R 2 groups on the two pyridyl rings and these 
may be attached at the same or different ring positions. 
However, it is especially preferred that substitution be 
at the 5- and 6-positions, most especially the 6- 
position, i.e. para to the hydroxy group. Compounds in 
which the R 2 groups are identical and identically 
located, e.g. 6,6' , are especially preferred. 

Preferred as groups R 6 are mono- or poly (hydroxy or 
alkoxylated) alkyl groups. 

R 7 is preferably an unsubstituted alkyl or 
aminoalkyl group. 

Particularly preferred identities for group R 2 
include CHR 7 OCO ( CH 2 ) x Ph and CHR 7 OCO (CH 2 C0) x Ph (wherein x is 
1 to 3), CHR'OCOBuS CH 2 N(H)R 6 \ CH 2 N(R 6, ) 2/ N(H)R 6 \ N(R 6 ') 2 , 
CH 2 OH, CH 2 OR 6 ', COOR 6 ', CON(H)R 6 ', CON(R 6 ') 2 or OR 6 ' (where R 6< 
is a mono- or polyhydroxylated, preferably C x . 4 , 
especially preferably Cj.3, alkyl group), (CH 2 ) n COOR 7 ' 
(wherein n is 1 to 6) , COOR 7 ' (where R 7 ' is a alkyl, 
preferably C x . 3 , especially preferably a methyl group) , 
CH 2 OS0 3 ~M, CH 2 CH 2 COOH, CH 2 OP (O) (OH) (CH 2 ) 3 NH 2/ CH 2 OP (O) (OH) CH 3 
or CH 2 OP (O) (OH) 2 group. 

Compounds of formula I in which R 3 is ethylene and 
R 2 has any of the identities listed above are 
particularly preferred. 

Especially preferred for use in the method of the 
invention is the manganese (II) chelate of N,N'-bis- 
(pyridoxal- 5 -phosphate) -ethyl enediamine-N, N 1 -diacetic 
acid (MnDPDP) . Also preferred for use in the method of 
the invention is the manganese (II) chelate of N,N f - 
dipyridoxyl -e thy lenediamine-N, N 1 -diacetic acid (MnPLED) . 

If not all of the labile hydrogens of the chelates 
are substituted by the complexed metal ion, 
biotolerability and/or solubility of the chelate may be 



WO 99/01162 



PCT/GB98/01931 



- 14 - 



increased by substituting the remaining labile hydrogen 
atoms with physiologically biocompatible cations of 
inorganic and/or organic bases or amino acids. Examples 
of suitable inorganic cations include Li + , K + , Na + and 
especially Ca 2+ . Suitable organic cations include 
ammonium, substituted ammonium, ethanolamine, 
diethanol amine, morpholine, glucamine, N,N, -dimethyl 
glucamine, lysine, arginine or ornithine. 

The compounds for use in the method of the 
invention may be prepared by procedures known in the 
art. Suitable methods for preparing the 

polyaminopolycarboxylic acid based chelating agents are 
described in EP-A-299795, EP-A-71564, DE-A-3401052 , 
EP-A-203962 and EP-A-436579. 

In preparing the dipyridoxyl compounds, the 
compound PLED may be used as a starting material and may 
be appropriately derivatised using conventional 
procedures to obtain the compounds of formula I ♦ 
Suitable methods for preparing the compounds of formula 
I are described for example in EP-A-290047. 

Alternatively the compounds of formula I may be 
prepared by reacting the corresponding pyridoxal 
compound with an alkylene diamine according to the 
procedure for making PLED described by Taliaferro 
(Inorg. Chem. 23:1183-1192, 1984). 

The manganese chelates for use in accordance with 
the invention may be formed by conventional procedures 
known in the art . In general , such processes involve 
dissolving or suspending a metal oxide or metal salt 
(e.g. nitrate, chloride or sulfate) in water or a lower 
alcohol such as methanol, ethanol, or isopropanol. To 
this solution or suspension is added an equimolar amount 
of the chelating agent in water or a lower alcohol and 
the mixture is stirred, if necessary with heating 
moderately or to the boiling point, until the reaction 
is completed. If the chelate salt formed is insoluble 
in the solvent used, the reaction product is isolated by 
filtering. If it is soluble, the reaction product is 
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isolated by evaporating to dryness, e.g. by spray drying 
or lyophilising. 

If acid groups such as the phosphoric acid groups 
are still present in the resulting chelate, it is 
advantageous to convert the acidic chelate salt into a 
neutral chelate salt by reaction with inorganic and/or 
organic bases or amino acids, which form physiologically 
acceptable cations, and to isolate them. 

The carboxylic and phosphoric acid groups of the 
chelating agents can also be neutralised by 
esterif ication to prepare carboxylate and phosphate 
esters . Such esters can be prepared from the 
corresponding alcohols by conventional procedures known 
in the art. Suitable esters include, for example,, 
esters of straight -chained or branched alcohols having 
from 1 to 18 carbon atoms, mono and polyhydric alkyl 
amino alcohols having from 1 to 18 carbon atoms, 
preferably having from 1 to 6 carbons, such as serinol 
or diethanolamine, and polyhydric alcohols having from 1 
to 18 carbon atoms, such as ethylene glycol or glycerol. 

Where the metal chelate carries an overall charge 
it will conveniently be used in the form of a salt with 
a physiologically acceptable counterion, for example an 
ammonium, substituted ammonium, alkali metal or alkaline 
earth metal (e.g. calcium) cation or an anion deriving 
from an inorganic or organic acid. In this regard, 
meglumine salts are particularly preferred. 

The differential uptake of manganese ions by 
healthy and ischaemic myocardium may also be used in 
imaging techniques based on radionuclides of manganese, 
e.g. scintigraphy, PET or SPECT and this provides 
further aspects of the invention. 

Viewed from a further aspect therefore the 
invention provides a method of detecting myocardial 
ischemia in a human or non-human (e.g. mammalian) body, 
said method comprising administering to said body a 
physiologically acceptable chelate complex of a 
manganese radionuclide, or a salt thereof, detecting 
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radiation emitted from the myocardium of said body and 
generating images of said myocardium whereby to identify 
regions of abnormal blood flow therein. 

Viewed from a further aspect, the invention thus 
provides a method of evaluating the severity of 
myocardial ischemia in a human or non-human, especially 
mammalian body, said method comprising administering to 
said body a physiologically acceptable chelate complex 
of a manganese radionuclide, or a salt thereof, 
detecting radiation emitted from the myocardium and 
generating an image, or more preferably a series of 
images of the myocardium of said body whereby to 
indicate the degree of blood perfusion deficit in the 
myocardium. 

Viewed from a yet further appect the invention 
provides a method of discriminating between reversibly 
and irreversibly injured myocardial tissue, said method 
comprising administering to said body a physiologically 
acceptable chelate complex of a manganese radionuclide, 
or a salt thereof, detecting radiation emitted from the 
myocardium and generating an image, or more preferably a 
series of images of the myocardium of said body whereby 
to discriminate reversibly from irreversibly injured 
tissue . 

Viewed from a still further aspect, the invention 
thus provides a method of monitoring reperfusion of the 
myocardium of a human or non-human, especially mammalian 
body, said method comprising administering to said body 
a physiologically acceptable chelate complex of a 
manganese radionuclide, or a salt thereof, detecting 
radiation emitted from the myocardium and generating an 
image, or more preferably a series of images of the 
myocardium of said body whereby to identify regions of 
reperfusion. 

Viewed from a still further aspect the invention 
thus provides a method of distinguishing viable 
myocardial tissue from necrotic (infarcted) tissue, said 
method comprising administering to said body a 
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physiologically acceptable chelate complex of a 
manganese radionuclide, or a salt thereof, detecting 
radiation emitted from the myocardium and generating an 
image, or more preferably a series of images of the 
myocardium of said body whereby to distinguish viable 
myocardial tissue from infarcted tissue . 

In the methods of the invention involving nuclear 
imaging, the images are preferably generated within a 
period of from 3 to 6 hours, e.g. up to about 4 hours, 
following administration of said complex or salt 
thereof. Especially preferably at least one image will 
be generated within 2 0 minutes of manganese radionuclide 
administration. 

The methods of the invention, in particular those 
using nuclear imaging, are preferably effected so as to 
generate images of the myocardium during the early 
stages following the ischemia inducing event, e.g. 
within two days, preferably within 1 day, especially 
preferably within 12 hours and more especially 
preferably within 6 hours of ischemia occurring. In 
this event, the methods of the invention can 
advantageously be used to follow and determine the 
success of intervention to cause reperfusion. 

Viewed from a still further aspect the invention 
provides the use of a physiologically tolerable chelate 
complex of a radioactive manganese isotope, or a salt 
thereof, for the manufacture of a contrast medium for 
use in a method diagnosis involving image generation 
using any one of the methods of the invention. 

As with the magnetic resonance procedures described 
above, it is preferred that a series of images be 
generated so that changes in myocardial perfusion may be 
detected. Likewise it is generally preferred that an 
image be detected for the first pass of manganese 
through the myocardium. 

For such imaging techniques using manganese 
radionuclides, it is preferred to use 51 Mn, 52 Mn, 52n Mn or 
54 Mn, especially 52 Mn or 54 Mn, chelate complexed as 
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discussed above for the rar imaging techniques. 

Both nuclear and mr imaging according to the 
invention may be effected using compositions containing 
complexed manganese radionuclides . However if desired 
non- radioactive manganese isotopes may also be present. 
Using a combination of nuclear and mr imaging is 
particularly beneficial as anatomical information from 
the mr image may be used to clarify the functional 
information from the nuclear image as to the extent of 
any infarction. 

Complex manganese radionuclides have the advantage 
over the "gold standard" for myocardial scintigraphy, 
201 T1, that uptake of the manganese radionuclide is 
affected by the viability of the cardiomyocytes while 
that of 201 T1 is not. Thus 201 T1 imaging can detect 
myocardial infarction only as a diminution of perfusion 
rather^ than directly. Thus the calcium channels 
inactivate early during ischemia causing intracellular 
uptake of manganese to be attenuated. If the ischemic 
area is effectively reperfused prior to the onset of 
tissue damage the manganese uptake will return to 
normal. On the other hand if the area at risk becomes 
necrotic, the manganese induced image signal will 
diminish as the manganese ions are washed out of the 
necrotic area. 

For use in the method of the invention, the 
contrast agents may be formulated with conventional 
pharmaceutical or veterinary formulation aids, for 
example stabilizers, antioxidants , osmolality adjusting 
agents, buffers, pH adjusting agents, etc. and may be in 
a form suitable for injection or infusion directly or 
after dispersion in or dilution with a physiologically 
acceptable carrier medium, e.g. water for injections. 
Thus the contrast agents may be in a conventional 
pharmaceutical administration form such as a powder, 
solution, suspension, dispersion, etc. However, 
solutions, suspensions and dispersions in 
physiologically acceptable carrier media will generally 
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be preferred. 

The contrast agents may therefore be formulated for 
administration using physiologically acceptable carriers 
or excipients in a manner well-known to those skilled in 
the art. For example, the compounds, optionally with 
the addition of pharmaceutically acceptable excipients, 
may be suspended or dissolved in an aqueous medium, with 
the resulting solution or suspension then being 
sterilized. Suitable additives include, for example, 
physiologically biocompatible buffers (e.g. DTPA or 
DTPA-bisamide) or calcium chelate complexes (e.g. 
calcium DTPA salts, calcium DTPA-bisamide salts or 
NaCaDTPA-bisamide) or , optionally, additions (e.g. l to 
50 mole percent) of calcium or sodium salts (e.g. 
calcium chloride, calcium ascorbate, calcium gluconate 
or calcium lactate) . 

For effective uptake by the calcium channels in the 
cardiomycytes, the manganese should be in the state Mn 2+ . 
To inhibit oxidation to Mn 3+ , the compositions used in 
the methods of the invention will preferably contain an 
antioxidant, e.g. ascorbic acid or a reducing sugar. 

For mr imaging, manganese will preferably be 
administered at a dose of 0.001 to 0.2 mmol/kg 
preferably 0.01 to 0,05 mmol/kg. For scintigraphic 
imaging manganese will preferably be administered at a 
dose of 1 kBq to 10 MBq/kg, 0.05 to 3 MBq/kg, especially 
0.1 to 1.5 MBq/kg. 

Parenterally administrable forms, e.g. intravenous 
solutions, should be sterile and free from 
physiologically unacceptable agents, and should have low 
osmolality to minimize irritation or other adverse 
effects upon administration, and thus the contrast 
medium should preferably be isotonic or slightly 
hypertonic. Suitable vehicles include aqueous vehicles 
customarily used for administering parenteral solutions 
such as Sodium Chloride Injection, Ringer's Injection, 
Dextrose Injection, Dextrose and Sodium Chloride 
Injection, Lactated Ringer's Injection and other 
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solutions such as are described in Remington's 
Pharmaceutical Sciences, 15th ed. , Easton: Mack 
Publishing Co., pp. 1405-1412 and 1461-1487 (1975) and 
The National Formulary XIV, 14th ed. Washington: 
American Pharmaceutical Association (1975) .. The 
solutions may contain preservatives, antimicrobial 
agents, buffers and antioxidants conventionally used for 
parenteral solutions, excipients and other additives 
which are compatible with the contrast agents and which 
will not interfere with the manufacture, storage or use 
of the products . 

The method of the invention will now be illustrated 
further by way of example with particular reference to 
certain non- limiting embodiments and to the accompanying 
figures . 

Study 1 

The aim of the study was to examine the potential 
of MnDPDP for delineating acute regional ischemia in 
rats by comparing dose -dependent myocardial enhancement 
during bolus passage of low doses of MnDPDP. 

MATERIALS AND METHODS: 

Sprague-Dawley rats (250-300g) were anaesthetised 
with 50 mg/kg sodium pentobarbital and mechanically 
ventilated after tracheostomy. For bolus injection of 
the contrast agent, a catheter was placed in the femoral 
vein. In order to produce regional ischemia, left 
thoracotomy was performed followed by occlusion of the 
anterior branch of the left coronary artery. The 
potential of various doses of MnDPDP in demarcating 
regional ischemia was determined. Four groups of animals 
were designed, each group (n = 7-8 rats) received one 
bolus dose (1 ml/kg) of MnDPDP (0.005, 0.010, 0.020, or 
0.040 mmol/kg) . MR imaging was performed between 15-20 
mins after acute coronary occlusion. 

ECG- gated inversion recovery echoplanar images were 
acquired using a GE Omega 2.0 T system and a home-built 
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5,6cm birdcage imaging coil. A blipped EPI of 64x64 
points to define a field-of -volume (FOV) of 40x40mm was 
used. TE was set to 10 msec by acquiring an asymmetric 
echo. Inversion recovery was accomplished using a 
composite non- selective inversion pulse which was 
carefully optimized prior to administration of the 
contrast medium. Shortly after the occlusion of the 
coronary vessel (15-25 mins) , IR EP imaging was used to 
monitor bolus passage of MnDPDP through the regionally 
ischemic heart. Fully relaxed Tj- sensitive inversion 
recovery EP images (TR = 5s) were acquired in a set of 
16 images. Then/ 32 inversion -recovery echoplanar 
images every 2 sees were obtained with inversion time of 
700msecs (to nullify myocardial signal) to monitor the 
dynamic T x changes in myocardial^ signal intensity during 
the passage of the contrast medium. Changes in 
myocardial signal as a function of time were plotted. 
ROIs were obtained from non-ischdmic and ischemic 
myocardium as well as from LV chamber blood. ROIs were 
determined on images acquired post -contrast injection, 
where the ischemic region is clearly defined. 
Alterations in signal intensity were referred to that of 
fully relaxed intensity (=100%) . 

At the conclusion of the imaging protocol , the 
presence of coronary occlusion and acute ischemia was 
confirmed at postmortem by injecting 0.5 ml/kg 
phthalocyanine blue dye intravenously. Blue dye was 
then allowed to circulate for 3 mins before the heart 
was excised- The dye stains normally perfused 
myocardium blue, but does not stain the ischemic region. 

RESULTS : 

Figure 1 shows non- selective IR GRE images obtained 
during the transit of 0.040 mmol/kg MnDPDP in a rat 
subjected to acute occlusion of the coronary artery 
(~ 10 min) ♦ The images shown were acquired before 
contrast agent was injected (top left) , as the bolus 
entered the right ventricular (RV) chamber (top centre) , 
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as the bolus entered the left ventricular (LV) chamber 
{top right) , at the point of maximal blood signal 
(bottom left) and maximal increase in myocardial signal 
(bottom centre), and the final image acquired in set. 
The ischemic region- is depicted as a region of 
relatively low signal intensity. 

Figures 2 (A) - (D) illustrate changes in image 
intensity during transit of (A) 0.005, (B) 0.010, (C) 
0.020, and (D) 0.040 mmol/kg MnDPDP in rats subjected to 
coronary artery occlusion (n =7-8 per group) . Values 
are expressed as a percentage of fully relaxed 
intensity. MnDPDP caused a sharp effect on LV chamber 
blood and myocardial signal. The myocardial enhancement 
profile shows no evidence of rapid clearance of the 
contrast agent. 

Figure 2 (E) illustrates the effect of various doses 
of MnDPDP on normal myocardium. Values are expressed as 
a percentage of fully relaxed intensity. 

During and after the transit of MnDPDP the ischemic 
region was depicted as a cold- spot. Delineation of the 
ischemic region persisted for several minutes after the 
entry of MnDPDP. The ischemic region was not clearly 
visualized before the bolus passage, and was 
indistinguishable from LV chamber blood. At the lowest 
dose, 0.005 mmol/kg, there was clear signal enhancement 
in LV chamber blood. However, the slight enhancement of 
normally perfused region was insufficient to provide 
clear delineation of the ischemic region. At the higher 
doses (0.010, 0.020, and 0.040 mmol/kg), the ischemic 
region was identified as a region of very low signal, in 
contrast to hyperintense normal myocardium and LV 
chamber blood. The area and severity of ischemia was 
found to correlate closely with the corresponding 
phthalocyanine blue-stained histopathological sections. 

Baseline intensity of the myocardium was 15 to 2 0% 
of the fully relaxed value. MnDPDP demonstrated a clear 
bolus profile at all doses of contrast agent, with peak 
myocardial enhancement preceded by peak enhancement of 
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left ventricular chamber blood. Myocardial enhancement 
increased incrementally with dose over the entire range 
of MnDPDP (5, 10, 20, 40 micromole/kg) up to 23±2, 28+2, 
34±5, and 48±4% of fully relaxed images, respectively. 

Study 2 

The aim of the study was to examine myocardial 
uptake and retention of manganese and corresponding 
changes in tissue T x during normal perfusion conditions 
and during early and late stages of subtotal ischemia. 
The study also aimed at assessments of cardiac function 
and energy metabolism and was undertaken in ex vivo 
guinea pig hearts . 

MATERIALS AND METHODS: 

Guinea pigs (450-500 g) were anaesthetised with 
sodium pentobarbital (intraperiotenal injection 100 mg) . 
Hearts were rapidly excised and Connected to the aortic 
cannula of a standard Langendorff perfusion system with 
conditions preset at 3 7°C. Perfusion with glucose - 
containing Krebs Henseleit's bicarbonate buffer (Krebs 
buffer) was maintained in the constant flow mode during 
the entire experiment by use of a finely adjustable 
pump. Under normal perfusion conditions coronary flow 
rate (CFR) was 30 ml/min and during global, low flow 
ischemia 0.25 ml/min (92% reduction of normal CFR). 
Left ventricular (LV) developed pressure (LVDP) was 
measured by use of a LV fluid- filled balloon connected 
to a pressure transducer and recording device. At the 
end of the experiments excised samples from the LV were 
f reeze-clamped, freeze-dried and prepared for analysis 
of LV contents of Mn metal by atomic absorbtion 
spectrophotometry and of ATP by high pressure liquid 
chromatography. Fresh, non-clamped LV samples were 
taken for immediate (within 3 0 min) measurements of 
tissue longitudinal (T x ) relaxation time by use of a 
Bruker Minispec PC 110 spectrometer operating at 0.234 T 
and at a proton frequency of 10 MHz. 
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In normal perfusion experiments (series A) hearts 
were subjected to a 20 min control period before being 
perfused for 5 min with ascending concentrations (0-3000 
fiM) of MnDPDP present in the Krebs buffer. This was 
followed by 5 min perfusion with buffer only to ensure 
an effective washout of residual extracellular MnDPDP. 
In global ischemia experiments hearts were perfused at 
low flow (92% CFR reduction) with normal Krebs buffer. 
After different durations (0, 15, 30, 90, and 12 0 min) 
of ischemia MnDPDP (1000 /iM, 3000 /iM) was included in 
the buffer for a final 5 min period of low flow 
ischemia- The experiments were ended by 5 min perfusion 
at normal flow with anoxic and calcium- free Krebs buffer 
to ensure washout of residual extracellular MnDPDP 
without reactivating normal cardiac function. In the 
results (series B) the ischemia durations are presented 
as 0-5 min, 15-20 min, 30-35 min, 90-95 min, and 120-125 
min. 

RESULTS : 

A. Normal perfusi on conditions 

Figure 3 illustrates changes in LVDP during normal 
perfusion with Krebs buffer in the presence (10-15 min) 
and absence (15-20 min) of MnDPDP. Values are expressed 
as a percentage of values obtained during control 
perfusion. n = 6. Mean values are presented. 

Figure 3 shows that LVDP falls rapidly during 
perfusion with higher concentrations of MnDPDP and that 
LVDP returns rapidly to control values during the 
following 5 min of MnDPDP washout. These findings are 
in accordance with the divalent Mn ion (Mn 2+ ) functioning 
as a slow calcium channel blocker. 

Table 1 below shows how increasing concentrations 
of MnDPDP in the buffer in a stepwise manner raise the 
LV content of Mn and how tissue T t values fall 
correspondingly. In control hearts (not perfused with 
MnDPDP) the mean values were 4.1 ^tmole/100 g dry wt for 
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Mn content and 1046 msec for T x . MnDPDP 300 /xM, a 
concentration with only a marginal 10% depression of 
LVDP, caused a 5-6 fold increase in Mn content and a 40% 
reduction in T x . Perfusion with 1000 /iM and 3000 fxM of 
MnDPDP led to an 11-fold and a 17-fold rise in Mn 
content respectively and to a 55% and a 70% reduction in 
T 1 values. Since the experiments ended with a thorough 5 
min washout of extracellular MnDPDP, this indicates that 
the efficacy of cardiac tissue in cellular uptake and 
retention of Mn is high under normal perfusion 
conditions . 

Table 1 - Tissue Mn content (/xmole/100 g dry wt) and Tj 
relaxation time (msec) following exposure to 
MnDPDP (0-3000 /iM) during normal perfusion 
conditions. n=6 . Mean values and standard 
deviation (SB) are shown. 



MnDPDP 


O^lM 


30/iM 


100/tM 


300/iM 


1000/xM 


3000^M 


Mn- content 


4.1(1.0) 


11.0(1.5) 


12.2(2.4) 


23.2(4.1) 


45.4 (10.8) 


70.4 (14.9) 




1046 (164) 


871(93) 


808(81) 


619(18) 


461(85) 


341(46) 



B . Low flow ischemia 

Table 2 below presents tissue ATP values and their 
fall during ischemia of increasing duration. 
Particularly it can be seen that the fall is gradual and 
only moderate during the initial phase. Thus at 15-20 
min and 30-35 min ATP values are respectively 22% and 
31% lower than the 0-5 min values, whereas after 90-95 
min ATP values are reduced by 88%. Hearts reperfused 
for 45 min after 15-20 min and 90-95 min of low flow 
ischemia showed widely different recoveries of LVDP, 62% 
and 12% respectively. Taken together with the ATP 
values this indicates that 15-20 min of ischemia was 
associated with a gradually reversible ischemic injury, 
whereas hearts were irreversibly injured after 90-95 min 
of ischemia. 
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Table 2 - Tissue ATP content (^raole/g dry wt) and 
postischemic recovery of LVDP(%) after 
increasing duration of low flow ischemia 
(min) . n=4 . Hearts were f reeze-clamped at 
end of ischemia for ATP analysis. Hearts were 
reperfused after 15-20 min and 90-95 min of 
ischemia and LVDP in % of preischemic control 
values is presented after 45 min of 
reperf usion . Mean values and standard 
deviation (SD) are shown. 



Ischemia 


0-5 min 


X5-2 0 min 


30-35 min 


90-95 


min 


ATP content 
LVDP recovery (%) 


25 .3 (7. 1) 


19.8 (3.9) 
62 (6) 


17.4(4.2) 


3.0(1, 
12(3) 


.5) 









Table 3 below shows that MnDPDP 1000 /zM and 3 000 /xM 
applied at onset (0-5 min) of ischemia raised tissue Mn 
content above the control level in non-treated hearts 
(Table 1) .by a factor of respectively 2-3 and 4-5. A 
tendency to falling Mn values was seen already after 15- 
20 min ischemia. Aft er ischemic durations of 30— 35 min, 
90-95 min, and 120-125 min tissue Mn content was reduced 
considerably, and the mean values were not significantly 
different from those found in normally perfused non- 
treated hearts (Table 1) . These data show that ischemia 
alters the mechanisms for manganese uptake thus blocking 
cellular uptake and accumulation of Mn at an early 
stage. Also, when comparing tissue Mn contents from 
early ischemic conditions (Table 3, 0-5 min) with those 
from normal perfusion conditions (Table 1) , it can be 
seen that the latter contents are approximately 4 times 
higher- This means that two nonseparable factors reduce 
tissue Mn content immediately or shortly after onset of 
ischemia: reduction in flow (and pressure) from the 
normally perfused state to the ischemic state inducing a 
state of acute hibernation; and the rapid onset of 
metabolic alterations during ischemia. 
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Table 3 - Tissue Mn content (/xmole/100 g dry wt) after 

increasing duration of low flow ischemia (min) 
with administration of MnDPDP 1000 /xM or 3000 
fiM during the last 5 min. n=4 . Mean values 
and standard deviation (SD) are shown. 



Ischemia 




0-S min 


15 


-20 min 


30-35 min 


90 


-95 min 


120-12S min 


MnDPDP 1000 


fiM 


10.5 (3.6) 


9 


.9(2.3) 


4.3(1.6) 


5 


.7(2.4) 


5.6(2.3) 


MnDPDP 3000 


fiM 


16.5 (2.4) 


12, 


.9(4.0) 


6.0(2.2) 


7 


.2(2.8) 





The accumulated data from normal flow conditions 
(series A experiments) show that myocardial uptake and 
accumulation of Mn with MnDPDP is a rapid process in the 
normal and well-perfused heart. A rise in the Mn 
content of cardiac cells is parallelled by a reduction 
in tissue T a longitudinal relaxation time and forms the 
basis -for increase in signal intensity with MnDPDP in 
MRI. 

The accumulated data from ischemia experiments 
(series B) show that the cardiac cell uptake of Mn from 
MnDPDP is reduced or abolished during early ischemia, 
i.e. well before the onset of irreversible tissue 
injury. 

The accumulated data from both series of 
experiments indicate that MnDPDP may function as a 
potentially effective MRI marker of normal cardiac 
function. 

Study 3 

The aim of the study was to examine the effect of 
dose on AR1 change in normal and reperfused infarcted 
myocardium following intravenous MnDPDP administration. 

MATERIALS AND METHODS: 

Sprague-Dawley rats (female, 270-320g, n=24) were 
subjected to occlusion of the anterior branch of the 
left main coronary artery for 60 minutes, followed by 
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reperfusion for 120 minutes before injecting the test 
agent. A catheter was placed in the tail vein for 
administrat ion of contrast media* Animals were 
connected to an ECG patient monitor and placed in the 
magnet such that the heart of each rat was at or near 
ioscenter. Magnetic field was optimized for a central 
slab of 6 mm thickness, within which the 2 mm section to 
be imaged was located. Inversion and slice select 
pulses were calibrated. Inversion recovery echo planar 
imaging was then used to measure baseline Tl values for 
myocardium and left ventricle chamber blood. 

MnDPDP was then administered at doses of 25, 50 and 
100 /zmole/kg by intravenous injection of 2.5, 5 and 10 
ml /kg, respectively, of the test solution which 
contained a 10 mM solution of MnpPDP. These injections 
were followed by a flush of physiologic saline solution 
(0.9%) such that the combined volumes of test agent and 
saline flush was 11 ml /kg. All injected solutions were 
warmed before being administered and were injected 
slowly over 1 . 5 mins . Tl values were remeasured at 5 
minute- intervals during the first 60 minutes after 
injection. Occasional animals were imaged at 90 minutes 
for Tl determination (EPI) and for visual inspection of 
contrast on STIR (short Tl inversion recovery) prepared 
spin echo images . 

After imaging was completed, animals were 
sacrificed by an overdose of pentobarbital and the heart 
was excised, sectioned and stained in 

triphenyltetrazolium chloride solution to define the 
infarcted region. 

RESULTS : 

Each heart contained an infarcted region in the 
anterior and lateral walls of the left ventricle. The 
infarcted region was located in a similar position to a 
region which behaved abnormally on contrast enhanced 
imaging. The abnormal region showed different Tl values 
from normal myocardium (septum and posterior wall) 
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before and after contrast administration. For the 
purposes of this study, the abnormal region noted on MR I 
is hereinafter considered to represent the infarcted 
region. 

Tl values of myocardium (normal and infarcted) and 
chamber blood were measurably reduced following all 
doses of the test agent. The magnitude of Tl change 
increased with dose for all regions (see Table 4 below)". 
The test agent cleared from both blood and infarcted 
myocardium but accumulated in uninfarcted myocardium. 
Over the course of 60 minutes after injection, the 
change in Rl (AR1 = 1/Tlpost - l/Tlpre) of infarcted 
myocardium and chamber blood diminished with time but 
that of normal myocardium increased with time (Figure 
4) . 

Clearance of AR1 from blood and infarcted 
myocardium (Figures 4a, 4b and Table 5 below) was well 
fit by a biexponential function Ceqn 1) , but not a 
monoexponential function . 

AR1 = Kl exp(-Elt) + K2 exp(-E2t) [1] 

where K's and E's are constants and t is time (in min) . 
The increase in AR1 in normal myocardium was well fit by 
a linear function for each dose (Figure 4c and Table 5 
below) . The apparent clearance or accumulation rates 
did not "show an appreciable dose dependence. 

Plots of AR1 ratio (tissue/blood) showed a slight 
decline with time for infarcted myocardium, consistent 
with the view that test agent, as well as any 
uncomplexed manganese, is as efficiently cleared from 
infarcted myocardium as from the blood pool. On the 
other hand, plots of AR1 ratio increased with time for 
normal myocardium (Figure 5) . The curves were well fit 
by linear functions with slopes showing an inverse 
relation to administered dose. It is notable that even 
after one hour post injection with very low quantities 
of MnDPDP in the blood pool, there is no apparent 
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slowing in the build-up of manganese in the normal 
myocardium after the lowest dose . This suggests that 
considerable contrast enhancement may be obtained 
several hours after administration, even at quite low 
dose of MnDPDP, particularly given the rather slow E2 
component of -0.01 per min (equivalent to -70 minutes 
plasma half life) . 

In cases imaged at 90 minutes post injection (2 or 
3 at each dose), conventional Tl weighted images showed 
little contrast (SI normal/SI infarct = 1.15) between 
normal and infarcted myocardium among animals which 
received the highest dose and about 1.25 for the lowest 
dose (n=l) . On the other hand, STIR sequences (TI = 
20 0-400 ms, TR = 600 ms) showed very good contrast (SI 
normal/SI infarct = 0.3 to 4 . 0 , ^ depending on TI) . No 
contrast (SI normal/ SI infarct -1.06) was observed on 
STIR sequences (using these parameters) before contrast 
administration (n=l) . Less contirast was observed on 
STIR sequences as the dose was decreased. At the lowest 
dose, contrast between infarcted and normal myocardium 
was subtle (SI normal/ SI infarct -0.85 - 1.3 and low 
signal to noise, somewhat higher values were obtained 
with TR increased to -1.0 sec) . 

From an examination of the difference in Rl values 
between normal and reperfused infarcted myocardium 
produced by the doses of agent given (Figure 6) , it is 
clear that there is not much difference among the 
groups. This suggests that , in principle, it should be 
possible to achieve approximately the same contrast for 
all dose groups. However, as the dose is decreased, TR 
must be increased. 

It is clear from the data that if Rl continues to 
rise in normal myocardium, while returning to pre- 
contrast values for the infarcted region, the maximal 
contrast will be a function of the Rl difference between 
infarct and normal at the peak of AR1 in normal 
myocardium. This point should come at somewhat before 4 
hours after contrast administration, given the rather 
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slow clearance kinetics from the blood pool. 



Table 4 - Tl values measured after injection of MnDPDP 
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